Objective: To determine the relative validity of an iron food frequency questionnaire (iron FFQ) designed to assess intakes of dietary iron and its absorption modi®ers. Design: A computer-administered food frequency questionnaire was designed to estimate intake of total, nonhaem, haem and meat iron as well as dietary components which in¯uence iron absorption (vitamin C, phytate, calcium, grammes of meata®shapoultry, tea and coffee) in women consuming a Western diet. The relative validity of the iron FFQ was assessed by comparing its results with those from weighed diet records collected over 11 days. Setting: Dunedin, New Zealand. Participants: Forty-nine women aged 19 ± 31 y attending the University of Otago. Results: There was good agreement between the iron FFQ and the weighed diet records for median intakes of total iron, non-haem iron, calcium, tea and coffee. For dietary component intakes, correlations between the two methods ranged from 0.39 (for vitamin C) to 0.87 (for coffee) with 0.52 for total iron, and 0.61 for haem iron. In cross-classi®cation with the weighed diet record, the iron FFQ correctly classi®ed between 22% (for vitamin C) and 51% (for phytate) of participants into the same quartile. Actual values for surrogate categories indicated that the questionnaire can clearly differentiate between low and high intakes of all the dietary components assessed. The questionnaire also showed an acceptable level of agreement between repeat administrations (eg a correlation for total iron of 0.65). Conclusions: The iron FFQ is appropriate for assessing group intakes of total iron, and iron absorption modi®ers, in population studies to assess the aetiology and treatment of iron de®ciency states in adult women consuming a Western diet.
Introduction
Iron de®ciency states are the most common nutritional de®ciencies in developed countries, with rates of 7% (Russell et al, 1999) , 11% (Looker et al, 1997) and 13% (Gregory et al, 1990) reported amongst large nationally representative samples of premenopausal adult women from New Zealand, the USA and the UK respectively. Because iron balance is a product of the interaction between iron losses, physiological iron requirements and iron intake, any study investigating the aetiology of iron de®ciency must estimate the participants' iron intake. One such study, the Women's Iron Study, was designed to investigate the aetiology, health consequences and treatment of mild (pre-anaemic) iron de®ciency in a large population (n 400) of adult New Zealand women.
Traditional methods of diet recall (eg 24 h recall) or record were inappropriate for assessing iron intake in the Women's Iron Study. The intra-participant variability in iron intake is so large that 11 days of collection would be required to give an accurate assessment of the participants' usual iron intake (Willett, 1990) . Furthermore, the collection and analysis of these data would result in unacceptable respondent and researcher burden. For these reasons a computer-administered food frequency questionnaire method seemed most appropriate for use in the Women's Iron Study.
Any serious attempt to examine the role of diet in the aetiology of mild iron de®ciency must take into account the factors that modify iron absorption: its form in the diet (haem vs non-haem (Food and Agriculture Organizationa World Health Organization, 1988) ), vitamin C (Hallberg & Rossander, 1982a,b) , phytate (Hallberg et al, 1989) , calcium (Hallberg et al, 1991) , grammes of meat, ®sh and poultry (Layrisse et al, 1984) , tea (Disler et al, 1975) and coffee (Morck et al, 1983) . We assessed the intake of phytate rather than ®bre because the inhibitory effect of ®bre containing foods such as bran has been shown to be primarily due to phytate (Brune et al, 1992) . It has also been suggested that alcoholic beverages, particularly red wine, may in¯uence iron absorption (Bezwoda et al, 1985) , however, this is unlikely to affect iron absorption signi®-cantly when the beverage is consumed with a meal (Cook et al, 1995; Hallberg & Rossander, 1982b) . Existing food frequency questionnaires do not assess intake of the full range of iron absorption modi®ers.
In this study we describe a computer-administered food frequency questionnaire designed to estimate dietary intake of iron, and iron absorption enhancers and inhibitors. The relative validity of this iron food frequency questionnaire (iron FFQ) was assessed by comparing intakes of selected nutrients, phytates and foods determined by this method with results from weighed diet records collected over 11 days.
Methods

Participants
Women students aged 19 to 31 y from a second-year Human Nutrition class at the University of Otago were recruited for the study (n 54). Ethical approval for the study was granted by the Human Ethics Committee of the University of Otago.
Once participants had given their written informed consent to take part in the study they were provided with electronic scales (Salter Electronic Sensa 2050 kitchen scales: 2 kg maximum weight, accurate to + 1%) and instructions on how to use the scales, and when and how to complete their weighed diet records. All participants were asked to complete the iron food frequency questionnaire one month following the weighed diet record. Twenty-nine participants were randomized to complete the questionnaire a second time 2 months after completing the weighed diet record.
Iron food frequency questionnaire
The iron FFQ is a computerized quantitative food frequency questionnaire. Testing of the computer format in the general community showed that participants with no computer experience were comfortable using the program, under supervision, once they had been taught how to`point and click' a computer mouse on food items. The computer format allowed participants to directly enter their own food choices thereby eliminating researcher coding and entry errors, and minimizing social desirability response bias. This format also allowed context-sensitive portion size estimation questions to be embedded in the questionnaire.
Participants began the iron FFQ by recalling the number of times per week they ate breakfast, lunch and dinner meals, and morning, afternoon and evening snacks (overall meal frequency). Participants were then asked to describe the meals and snacks they had eaten during the past month using a list of 206 foods sorted into 17 food groups. They were asked to describe the serving size for each food as multiples and proportions of common standard measures (eg cups of coffee, slices of bread). Three-dimensional food models were provided for meats and cheese, and cup size portions of dried beans were used to assist in volume estimation. As they completed each individual meal, participants were asked to report an exact frequency of consumption for that meal (individual meal frequency) (Tylavsky & Sharp, 1995) . When participants had entered all the meals they could remember having eaten during the last month they were shown a list of 80 foods with a high iron content, and were asked to use it to add any meals that they had forgotten to record. Participants were then shown their overall meal frequency responses and asked to con®rm or correct them.
An adjustment factor was used to investigate whether the participants were able to estimate the relative frequency of consumption of speci®c foods better than the absolute frequency of their consumption. This adjustment factor was equal to the overall meal frequency divided by the sum of the individual meal frequencies, and was calculated for each meal and snack category. The`adjusted' nutrient intakes were calculated by multiplying the individual meal frequencies reported for each meal by the corresponding adjustment factor. For example, a participant who reported an overall meal frequency of ®ve breakfasts per week but reported eating 10 breakfasts per week when the individual meal frequencies were summed would have an adjustment factor of 0.5 (5a10).`Unadjusted' nutrient intakes were calculated using the individual meal frequency alone.
For a food to be included in the food list it had to contain iron, or a dietary component that modi®es iron absorption (vitamin C, meat, ®sh or poultry, phytate, calcium, tea or coffee). The food had to either have a high level of the nutrient and be part of the typical New Zealand diet (for instance beef), or have a moderately high level but be commonly eaten in New Zealand (for instance wholemeal bread). Sex-and age-speci®c information from a national 24 h recall survey was used to determine the food sources which contributed 70% (for calcium) to 90% (for iron and vitamin C) of the intake of the dietary components of interest to the diets of New Zealand women aged 18 ± 40 y (LINZ Activity & Health Research Unit, 1992) . Foods that are infrequently eaten by New Zealanders were included if they contained very high levels of the dietary component of interest (for instance liver).
The average daily intake of each dietary component was analysed using a speci®cally designed computer program which calculated the sum of the products of the nutrient content of the foods in each meal and the individual meal frequencies, eg iron intake per day (S iron content of foods in breakfast 1)6individual meal frequency for breakfast 1) (S iron content of foods in breakfast 2)6indivi-dual meal frequency for breakfast 2) Á Á Á . The food composition data for total iron, vitamin C and calcium were compiled using the New Zealand Food Composition Database (Burlingame et al, 1995) (Harland & Oberleas, 1987; Holland et al, 1988 Holland et al, , 1991 Holland et al, , 1992 Oberleas & Harland, 1981) and on a Canadian food composition database compiled by Donovan and Gibson (1995) . Phytate values of foods of similar composition were used when phytate values could not be found in the literature. Haem iron was assumed to comprise 40% of the total iron in meat, ®sh and poultry (Monsen et al, 1978) . Non-haem iron was the difference between haem iron and total iron.`Meat' iron was the amount of iron (non-haem and haem) derived from meat, ®sh and poultry (MFP) products. For composite dishes, phytate and MFP content was estimated using recipes published in the New Zealand Food Composition Database
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Weighed diet record Ð reference method
The weighed diet record (WDR) was chosen as the reference method because of its high level of accuracy when validated using twenty-four hour urinary nitrogen as a biological marker for protein intake (Bingham et al, 1995) , and because unlike the food frequency questionnaire method it does not depend on memory, is open-ended, and involves direct measurement of portion size. Eleven days of weighed diet records were collected, enabling us to estimate a person's total iron intake to within 20% of their true mean 95% of the time (Willett, 1990) . The weighed food record method of Gibson (1993) was used. Participants were asked to complete their weighed record on 11 speci®c days, divided into blocks of no more than three consecutive days (to minimize recording fatigue) and including three weekend days (to allow for the weekend effect), over a period of one month.
The Weighed Diet Records were coded, entered on à Diet Entry & Storage' program (NutriComp, Dunedin, New Zealand) and checked by the same registered dietitian. They were then analysed using a`Diet Cruncher' program (NutriComp, Dunedin, New Zealand). The food list and food composition data for these programs were based on the New Zealand Food Composition Database (Burlingame et al, 1995) with data on phytate, haem iron, meat iron and meata®shapoultry' added as for the iron food frequency questionnaire database.
Statistical analysis
SPSS for Macintosh Version 6.1.1 was used to carry out all statistical analyses. Because the majority of nutrients were not normally distributed, medians and 25th and 75th percentiles are reported, and non-parametric tests were carried out Ð for instance Spearman's rank correlation coef®cients to measure associations, and Wilcoxon matched-pairs signed-rank tests to determine statistical con®dence in the differences. Two-sided signi®cance levels are quoted.
Agreement between the weighed record and the iron FFQ at an individual level was assessed using mean difference and standard deviation of the difference (Bland & Altman, 1986) .
Individual results for nutrient intake estimated by the weighed diet record and the iron FFQ were classi®ed into quartiles to assess the questionnaire's ability to assign individuals to the same quartile of intake as the weighed diet record (Willett, 1990) . The following percentages were calculated: percentage correctly classi®ed into the same quartile, percentage correctly classi®ed into the extreme quartiles (Q1 or Q4), percentage correctly classi®ed within one quartile, and the percentage grossly misclassi®ed (classi®ed into opposite quartiles). Although the Kappa statistic can be used to correct for chance agreement it was not used because it is not appropriate for grouped continuous data (Maclure & Willett, 1987) .`Actual values for surrogate categories' (Willett, 1990) were calculated as follows: participants were assigned to quartiles according to nutrient intake estimated by the iron FFQ, then the mean nutrient intake in each quartile was calculated using intake determined by the weighed diet record method. This gives an indication of the`true' (ie weighed diet record) intakes that are indicated by iron FFQ intake quartiles. One-way analysis of variance with Tukey's honestly signi®cant difference was used to determine whether differences between the quartiles were statistically signi®cant. The ratio of interquartile differences (((mean WDR intake for Q4Àmean WDR intake for Q1 determined using surrogate iron FFQ categories)a(mean WDR intake for Q4Àmean WDR intake for Q1 determined using WDR categories))6100) was calculated to assess the extent to which classi®cation into extremes of iron FFQ intake attenuates the range in weighed diet record intakes.
Because the number of non-tea and non-coffee drinkers exceeded a quarter of the study population it was inappropriate to use cross-classi®cation or actual values for surrogate categories to assess agreement between the two dietary assessment methods. Speci®city (the proportion of those with no intake in the weighed diet record who also had no intake in the iron FFQ), sensitivity (the proportion of those with intake in the weighed diet record who also had intake in the iron FFQ) and negative predictive value (the proportion of those with no intake in the iron FFQ whose weighed diet record showed no intake) were calculated instead.
The repeatibility of the iron FFQ was assessed using Wilcoxon matched-pairs signed-rank test to test whether there was a signi®cant difference between the nutrient intakes reported in the ®rst and second iron FFQ administrations. Agreement between the results of the two administrations at an individual level was assessed using mean difference and standard deviation of the difference (Bland & Altman, 1986) .
Results
Of the 54 participants recruited into the study, data are presented for 49 (91%). One person withdrew from the study, three people did not complete the weighed diet record, and one person did not complete the iron FFQ. The participants were women aged 19 ± 31 y (mean + s.d.: 22 + 3 y) who were consuming a Western-type diet (pretesting of the iron FFQ suggested that the food list did not contain a suf®cient range of foods for it to be appropriate for Asian type diets in particular).
Median iron intakes from the Weighed Diet Record and from the adjusted Iron FFQ were not signi®cantly different (Table 1 ). There were also no signi®cant differences between the median intakes of non-haem iron, calcium, tea and coffee between the two methods (Table 1) . In contrast, differences between the median intakes of haem iron, meat iron, vitamin C, meata®shapoultry and phytate between the two methods were signi®cant (Table 1) .
The mean difference between the iron intakes reported in the weighed diet record and the adjusted iron FFQ was 0.1 mg (s.d. 2.9; Table 1 ). Therefore, an individual's iron FFQ iron intake was likely to fall between 5.7 mg below (mean differenceÀ2 s.d.) and 5.9 mg above (mean difference 2 s.d.) their weighed diet record intake (Bland & Altman, 1986) .
Adjusted iron FFQ dietary component intakes exhibited considerably stronger correlations with the weighed diet record intakes than the unadjusted intakes (Table 2) . Table 3 summarizes the extent of correct classi®cation of the iron FFQ dietary component intakes into weighed diet record quartiles. Consumption of tea and coffee are not included because a substantial number of participants did Validity of a computerized food frequency questionnaire A-LM Heath et al not consume tea or coffee (41% and 31% respectively). The iron FFQ classi®ed 43% of people into the correct quartile for iron intake, with only 4% (two participants) being grossly misclassi®ed. Similar results were achieved for haem iron, meat iron, phytate and meata®shapoultry (with no participants grossly misclassi®ed). While vitamin C correctly classi®ed only 22% of participants, only two participants were grossly misclassi®ed. The speci®city of the iron FFQ for people who did not drink tea and coffee was 91% and 100%, respectively. The sensitivity for tea and coffee drinkers was 89% and 76%, respectively. The negative predictive value of the questionnaire was 87% for tea, and 65% for coffee. 
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Actual values for surrogate categories show the expected stepwise increase for iron, non-haem iron, vitamin C, phytate and calcium, but not for haem iron, meat iron or meata®shapoultry intake. The ratio of interquartile differences ranged from 44% for vitamin C to 82% for phytate, with a ratio of 52% for iron. The iron FFQ did, however, clearly differentiate between the ®rst and fourth quartile for all the dietary components assessed (Table 4) .
The iron FFQ was completed twice by 22 participants to assess the questionnaire's repeatability. There was no signi®cant difference between the median dietary component intake assessed by the two administrations, except for vitamin C (Table 5 ). The correlation coef®cient between the two administrations ranged from 0.61 for vitamin C to 0.90 for calcium, with a correlation coef®cient of 0.65 for iron (Table 5 ). The mean difference between the iron intakes reported in the two administrations of the iron FFQ wasÀ0.4 mg (s.d. 2.2; Table 5 ). Therefore, 95% of repeat iron FFQ iron intakes fell between 4.8 mg below and 4.0 mg above the ®rst iron FFQ mean intake. When the limits of agreement (mean difference + 2 s.d.) are applied to the ®rst iron FFQ mean, this corresponds to an intake of 4.7 ± 13.5 mg for the ®rst iron FFQ mean of 9.5 mg (n 22).
Discussion
For a dietary assessment method to be useful in an epidemiological setting it should be repeatable, should provide group median or mean intakes that agree with those generated by a proven method for assessing nutrient intakes, and should also differentiate between low and high levels of intake. On the basis of the large standard deviation of the mean differences between intakes assessed by the two methods, the iron FFQ is of limited use to estimate dietary component intakes for individuals. However, it is not necessary for the questionnaire to accurately estimate absolute intakes for individuals (Willett, 1990) . The iron FFQ can estimate group median intakes for iron, non-haem iron, calcium, tea and coffee well. All the nutrients of interest show good cross-classi®cation except vitamin C, although the iron FFQ was able to classify individuals' vitamin C intake correctly to within one quartile 78% of the time. Although the ratio of interquartile differences suggests some attenuation of the range in absolute intakes when participants are classi®ed according to the iron FFQ, actual values for surrogate categories suggest that the iron FFQ can differentiate well between low and high intakes of all the nutrients of interest. The iron FFQ is also highly repeatable, which is essential for follow-up studies. Our correlations of 0.6 ± 0.9 for dietary component intakes between two administrations of the questionnaire suggest Signi®cant difference between the stated quartiles (ANOVA: P 0.05).
Interquartile ratio ratio of interquartile differences (((WDR Q4ÀQ1 determined using surrogate iron FFQ categories)a(WDR Q4ÀQ1 determined using WDR categories))6100). Validity of a computerized food frequency questionnaire A-LM Heath et al that the questionnaire is as repeatable as multiple sets of diet records (Hartman et al, 1990) . It has been suggested that participants in diet studies are able to estimate the relative frequency of consumption of speci®c foods well, but that this does not guarantee accurate assessment of absolute frequency of consumption (Smith, 1993) . To address this issue, the iron FFQ incorporated global questions of the type:`How many breakfasts do you eat in an average week?' to investigate the accuracy of the frequencies reported for each breakfast meal described. Adjustment of dietary component intakes using the global questions led to a marked improvement in the correlations between the iron FFQ and the weighed diet record, suggesting that participants were able to estimate the relative frequency with which they consume particular meals more accurately than the absolute frequency.
The iron FFQ has the advantage of a lower respondent burden than the 11 day weighed diet record, taking most participants 45 ± 90 min to complete. The questionnaire also requires fewer resources to administer and analyse than weighed records which require substantial logistical and ®nancial resources both for the purchase of the electronic scales, and for the coding of the dietary data by trained personnel. Moreover, because the iron FFQ requires participants to enter their own data, under supervision, coding errors and entry time are substantially reduced.
The iron FFQ was designed for use in the Women's Iron Study to investigate the aetiology and treatment of mild (pre-anaemic) iron de®ciency in a population of young adult women eating a Western diet. While the iron FFQ appears to overestimate slightly the absolute level of intake of haem iron, meat iron, vitamin C, phytate and meata®shapoultry, the ability of the iron FFQ to rank individuals correctly, and correctly differentiate between high and low intakes, is of greater relevance when assessing the relationship between diet and iron status. Our results suggest that the iron FFQ is appropriate for monitoring changes in intake during a treatment study because there is no signi®cant difference in reported intake between repeat administrations of the questionnaire for all the dietary components tested (except vitamin C). The magnitude of the difference in vitamin C intakes may not be a concern because according to the Monsen formula for estimating available iron intake (Macdiarmid & Blundell, 1997; Monsen & Balintfy, 1982; Monsen et al, 1978) , a difference in vitamin C intake of À22 mgaday would amount to a difference in non-haem iron absorption of only 2%.
While we have been unable to identify other ironspeci®c food frequency questionnaires in the literature, a number of general food frequency questionnaires have attempted to estimate iron intake. None of these questionnaires have attempted to estimate intakes of haem, nonhaem and meat iron separately, phytate, grammes of meata®shapoultry, tea and coffee. These data are necessary if the bioavailability of the iron in the diet is to be assessed. Moreover, the published general food frequency questionnaires are not able to estimate total iron intake as well as our iron-speci®c food frequency questionnaire. We have reported a 1% difference between median iron intake from the weighed diet record and from our iron FFQ (9.8 vs 9.7 mg). A review of 10 food frequency questionnaires validated in populations comprising at least 50% adult Caucasian women shows a range in differences in group mean or median iron intake between questionnaire and multiple diet record or recall methods of from 4% for the Health Habits and History Questionnaire (Block et al, 1992) to 48% for the Nurses Health Study food frequency questionnaire (Munger et al, 1992) . Our iron FFQ also compares well with other published questionnaires with a correlation of r s 0.52 for iron intake. Other studies report correlations of between r 0.07 (Munger et al, 1992) and r 0.48 (Block et al, 1992) , while the Willett et al (1987) food frequency questionnaire and diet history questionnaire (Block et al, 1990 ) report values of r 0.47.
The issue of how best to assess the validity of a new dietary assessment method is the focus of considerable debate (de Groot et al, 1998) . We have used ®ve methods to assess agreement between our iron FFQ and a weighed diet record: group median intakes, correlation analysis, cross-classi®cation, actual values for surrogate categories and ratio of interquartile differences. Group median intakes are a useful indicator of how well the absolute nutrient intake agrees at a group level. The Spearman's correlation coef®cient gives an indication of the extent to which participants are ranked similarly by the two methods. Cross-classi®cation re®nes this judgement by indicating the extent to which the new method is able to assign participants to the correct quantile of the distribution. While classi®cation to within one adjacent quartile does not differentiate well between the dietary components, correct classi®cation, gross misclassi®cation and correct classi®cation into extreme quartiles provide useful information on the performance of the questionnaire. As expected, diet components with strong correlations (eg phytate, haem and meat iron) tended to exhibit correspondingly high correct and extreme cross-classi®cation. Rothman (1986) points out that`extreme categories are often those that permit the most biologically informative contrasts'. Poor correlation, therefore, may not be such an issue if participants at the extremes of intake are correctly classi®ed into high and low quantiles by the new method since for population studies interested in the effects of a nutrient on health outcomes correct classi®cation into extremes of intake will be of paramount importance. Actual values for surrogate categories are useful because they allow one to determine whether participants categorized into a high quantile by the new method have signi®cantly higher intakes according to the reference method. Finally, the ratio of interquartile differences gives a good indication of the extent of misclassi®cation by the questionnaire. A value of 100% indicates that the questionnaire classi®es participants into the same extreme quartiles of intake as the reference method, and values less than 100% indicate that some individuals from the extremes of intake have been misclassi®ed into the central quartiles. This is, in effect, a measure of the extent of attenuation in the range of intakes that arises when the new method is used. Correlation analysis has fallen out of favour in recent years (eg Bland & Altman, 1986) , largely because excellent correlations between two variables can be achieved without the absolute values of the two variables agreeing. We have, however, found correlation analysis useful in this study since high correlations appear to be re¯ected in higher correct crossclassi®cation and higher interquartile ratios. If diet in¯u-ences iron status, then the validity of dietary assessment methods can be further tested by examining the relationship between dietary component intakes and biochemical measures of iron status, but will also require careful assessment of the other factors that in¯uence iron Validity of a computerized food frequency questionnaire A-LM Heath et al status, such as menstrual blood loss. This is the subject of future work.
New dietary assessment methods should be validated in a subsample of the population in which they will eventually be used. The Women's Iron Study comprises 404 young adult women, 54% of whom are tertiary students (amongst the population of adult New Zealand women in general, 51% have a tertiary quali®cation (Statistics New Zealand, 1993) ). There was no signi®cant difference in the nutrient intakes determined by the iron FFQ for the student and the non-student participants in the Women's Iron Study (using multiple regression and adjusting for age) except for phytate intake which was slightly higher in the students (data not presented). Moreover, the most recent randomized study of dietary intake in New Zealand reports median iron intakes for adult women aged 19 ± 44 y of 9.3 mgaday (Wilson et al, 1995) , a value that is very close to our weighed diet record median intake of 9.8 mgaday. We believe that the population taking part in this validation study is therefore suf®ciently representative of the population of adult New Zealand women. Although the food lists used in this study were designed speci®cally for New Zealand women of child-bearing age consuming a Western type diet, the design of this computerized meal-based iron FFQ is likely to be more widely applicable, but requires the development of population appropriate food lists.
In this study there were suf®cient participants to be able to detect a signi®cant difference between mean iron intakes of 1.5 mg with a power of 0.8 and a signi®cance level of 0.1. The moderate sample size resulted in wide con®dence intervals for the proportions of participants correctly crossclassi®ed by the Iron FFQ. Nevertheless, the proportion expected to be correctly classi®ed by chance lies outside the con®dence intervals for total iron, haem iron, meat iron and phytate.
It is now generally accepted that under-reporting of energy intake is common in dietary studies . However, there are as yet no agreed methods for identifying those participants who are most likely to be low energy reporters, and there is no agreement as to whether low energy-reporters should be excluded from dietary analyses, since this may in itself bias the study results by excluding the very people whose health may be most of concern (Price et al, 1997) . In the current validation study eight participants (16%) would be de®ned as low energy reporters using a cut-off of 0.94 BMR for a sedentary individual (PAL 1.55) based on 11 days of energy intake measurement, basal metabolic rate (BMR) estimated using the Scho®eld et al (1985) equation, and 99.7% con®dence limits . Data for these participants was not excluded from the analysis for three reasons. Firstly, it has been suggested that low energy reporting may be just as common amongst those with plausible energy intakes as amongst those classically de®ned as under-reporters (Macdiarmid & Blundell, 1997) , so that selectively excluding only those with implausible energy intakes could bias the results. Secondly, the Goldberg et al (1991) cut-offs are only appropriate for individuals who are in energy balance. A previous study of women students at the University of Otago has reported that 13% were following a weight reduction diet at the time they were recording their diets (Horwath, 1991) . It is likely that at any one time a proportion of young adult women will be dieting, and may therefore provide diet records which re¯ect their under-eating. Thirdly, because the iron FFQ does not measure energy intake, it cannot be used to identify and therefore exclude low energy reporters when it is in use. Therefore, excluding questionnaire data based on diet record energy intakes in this study would not give an accurate picture of the likely performance of the questionnaire when it is in use.
A meal-based format requesting information on the previous month's diet was used for the iron FFQ. Listbased methods require participants to imagine their usual meals, decide how often a particular food is included in them, and then add these up to give an overall frequency for the particular food (Kohlmeier, 1994) . Krall et al (1988) have suggested that asking people to remember foods by meal, ie using categorization as a memory aid, may improve the quality of people's recall of their diet. This approach may also allow more relevant analysis of the effects of enhancers and inhibitors on iron absorption, since these factors can only act when consumed in the same meal as the iron source.
Food frequency questionnaires are designed to assess usual' intake, commonly over a period of a year (Willett, 1990) . We have chosen the shorter time period of a month for the iron FFQ for two reasons. Iron status is more labile than most nutrient-disease processes Ð it is possible, for instance, to improve haemoglobin levels using iron supplements with a dosage as low as 30 mg in 4 weeks (Pineda et al, 1994) . In addition, it is unlikely that individuals have accurate memory of low salience events (such as dietary intake) more than one month in the past (Foddy, 1993) .
In conclusion, the iron FFQ was accepted as the method of choice for estimating dietary iron intake in the Women's Iron Study. It has a lower respondent burden than either diet record or diet recall methods. In addition, because the respondent enters her own food intake data directly it generates fewer researcher errors, and saves substantial entry time. Our analysis of group medians and correlation between the questionnaire and the diet record also suggests that the questionnaire is appropriate for assessing group nutrient intakes, and ranking individuals according to the tested nutrients. Moreoever, the iron FFQ allows estimation of the important iron absorption enhancers and inhihitors, in addition to total iron intake. The iron FFQ may be useful in epidemiologic studies of the iron intake of adult women and is suitable for detecting changes in nutrient intake over time.
